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CHAPTER, I 
INTRODUCTION 
Red harvester ants, Pogonomyrmex californicus (Buckley, 1867), 
usually close up their nest entrances at night. Thus no above-ground 
activities, such as mating flights, take place until the nest is opened 
by the workers in the morning. The light cycle is known to determine 
the phase of many animal rhythms. Because the winged male and female 
castes of this ant are presumably dependent upon the worker caste for 
exposure to light each day, they may thus be dependent upon the workers 
for the phasing of their own rhythms. The timing of the discrete open-
ing event may prove of value in studying the effect of rhythmic behavior 
of one caste upon another in a social organization. 
Heath (1968) found that a series of ten nests of P. californicus  
synchronously closed in the evening and opened in the morning. The time 
of closing became earlier and the time of opening later as the season 
progressed from July to September. 
This present work extends Heath's (1968) observations to other 
seasons and gives a multiple regression analysis of the relation between 
environmental variables and opening time. For this reason, observation 
days were chosen for their unusual weather, and nests in larger number 
and in a more varied environment were studied. Opening time was studied 
more because Heath (1968) had shown it to vary less from nest to nest 
than closing time. The results obtained indicate that a combination of 
as few as two environmental variables predicted mean opening time with 
astonishing precision. 
CHAPTER II 
METHODS AND MATERIALS 
Nest openings of P. californicus (determined by A. C. Cole) were 
studied. The daily observations were started before the nests that had 
closed began to open, and continued hourly or half-hourly until most or 
all nests had opened) 
Although closings were also studied, in most cases it was not 
possible to be in the field before closings started. Observations con-
tinued until most nests' had closed. 
Nearly around-the-clock observations were made on two August days 
and three experimental days in March. Additional checks were also made 
on days when many nests remained closed and nights when many nests re-
mained open. 
For temperature records, Centigrade glass bulb mercury thermo-
meters were placed on the surface, and buried vertically to a depth of 
25 mm and 75 mm. None of the thermometers were shaded. Surface tem-
perature correlated better with opening time than did 25 mm or 75 mm 
deep temperatures, so it was used to represent time that different tem-
perature levels were reached. Temperatures were taken at several dif-
ferent nests. Because the differences were insignificant, the tempera-
tures taken at nest I were used. 
Only temperatures were recorded at the nest and these only during 
lSee Appendix for map of Anderson Street nest locations, list of 
observation periods, list of opening times for each nest for each day, 
and list of environmental variables. 
2 
3 
hours of actual observation; therefore, 24-hr records of temperature, 
dew point, and relative humidity were obtained at Norton Air Force Base 
weather station (NAFB) located 5 km northeast of Loma Linda. These 
records also served as a different assay of temperature. Further, if 
standard measurements such as these would prove adequate for predictive 
or explanatory purposes, the efficiency in future study or in practical 
application would be great. Pacific Standard Time was used and recorded 
in decimal form using 24-hr time.(i.e. 8:30 AM = 08.50 and 8:40 AM = 08.67). 
One group of 30 nests were studied for seven mornings and 
evenings from August 28 to October 16 in exactly the same location as 
those of Heath (1968). These nests were on or near a hard sandy road 
running east and west along the railroad tracks 1.5 km west of Loma 
Linda. They extended for 200 m and none were shaded. 
A second group of 30 nests were studied for fifty mornings and 
twenty-two evenings from October 23 to July 3. They were on three 
vacant lots and the adjacent roads near the top of a hill 1.5 km south 
of Loma Linda. Each opening was at least 3 m from its nearest neighbor. 
The average distance was 8 m. 
We computed the correlations between mean opening time and a.  
number of environmental factors to investigate their possible effect 
(see list in Table 1). Minimum temperatures were chosen to represent 
night conditions, and the time that different temperatures are reached, 
to represent day conditions. Day temperatures may also be used to 
check for response to a threshold temperature. The sunrise time might 
reflect environmental information not represented by these temperature 
measurements, such as other temperature parameters, light cycles, 
seasonal cycles, etc. In preliminary studies the rate of change in 
temperature was also considered, but did not give as good a simple cor-
relation as did time a given temperature was reached. Relative humidity 
was shown not to be significant also. 
For initial computations of means, standard deviations, and simple 
correlations, we used a standard program (BSTAT) on file at the Scien-
tific Computation Facility, Loma Linda University. In addition, we used 
the standard computer program (HVIDO3R - Multiple Regression and Case 
Combinations - Revised October 30, 1968) on file at the Health Sciences 
Computing Facility, UCLA (for original description see Dixon, 1967). 
Because so many environmental factors gave significant simple 
correlations, partial correlations pairing two independent variables at 
a time against the dependent variable (opening time) were computed with 
the BMDO3R program. 
Partial correlation coefficients may be interpreted in the fol-
lowing way. If the correlation of two variables is obtained on data 
that were collected under varying conditions of a third variable, then 
the correlation coefficient will not give an accurate portrayal of the 
correlation of these two variables if that third variable is also corre-
lated with the dependent variable. Therefore, to obtain a more accurate 
portrayal one is interested in the correlation of these two variables 
under fixed conditions of the third variable. This is accomplished by 
means of the partial correlation coefficient which gives the correlation 
of two variables while holding the third variable fixed or removing its 
effect. 
The program also gives a predictive equation using the regression 
A 
coefficients and a constant. The equation is P = a 4- OlVi 02V2 + 
4. OnVn, where P is the predicted opening time, a a constant, 0 the re- 
A 
gression coefficient, and V the independent variable. If desired, P is 
predicted and the difference between the observed mean and the estimated 
mean is given for each day that was used to compute the equation. 
To decrease experimental error in further analyses of daily open-
ing time, data from days on which 507. or less of the nests opened during 
the observed period were eliminated. This eliminated a winter subsample. 
In addition, four fall days were removed because some environmental data 
were missing. This left a fall subsample of 14 days, September 14 - 
November 27, and a spring subsample of 17 days, February 26 - April 29, 
for multiple regression analysis. In calculating the mean opening times 
for the experimental period of March 25-27, all experimental nests were 
omitted. 
The following experiments were done to investigate the effect of 
light and heat on the opening and closing of the nests. 
1. Eleven nests were heated from after they closed until 
morning. 
2. Three nests were heated from before they closed until 
morning. 
3. Three nests were lighted until they closed. 
Heat was provided by goose-neck lamps with cone-shaped 660W heat-
ing elements, regulated by a powerstat so that no light from the elements 
could be seen. The surface area of the experimentally heated nests was 
kept at an average temperature of 20 to 25°C for March 24-25, and 25 to 
35°C for March 25-26 and 26-27. This averaged 10 to 20°C higher than 
the temperature of the natural control nests. The temperature 75 mm 
deep averaged 0.5 to 3°C higher than the control. (For each of these 
three days the mean opening time of the controls was about the time 
that 20°C was reached at the surface.) 
For the light experiment, sealed-beam lanterns with 6-volt long-
life batteries were placed 25 mm above the nest openings, where they 
gave 1000 ft-c. They were turned on when the natural light intensity 
was still above 3200 ft-c, and left on until the nests closed. 
CHAPTER III 
RESULTS 
Figure 1 shows the percentage of the nests open each day. Most 
of the nests remained closed during the winter. However, even on the 
coldest days at least two nests opened and carried on above-ground 
activity such as nest cleaning and standing in the sun. The increase 
in openings in late December coincided with unseasonably warm weather. 
On the other hand, over 707 of the nests failed to close at all after 
maximum temperatures of 43°C on August 28 and 29. In contrast 80 to 
100% of the nests opened and closed daily during the rest of the year. 
Figure 2 plots daily mean opening and closing times. Heath's 
(1968) data from 1966 is included to extend the seasonal picture. Mean 
opening time always occurred after sunrise, but mean closing time 
shifted from well after dark in the summer to before sunset in the 
winter. Examination of the plot suggests that Heath's observations and 
our observations a year later both in Heath's locality and in a differ-
ent habitat could be treated as one series through the year rather than 
as three discordant ones. The June and July 1968 days were much colder 
than the July 1966 days. This presumably explains the later opening 
times. 
Simple correlations between mean opening time and a series of 
environmental variables (Table 1) indicated that a number of the corre-
lations were highly significant. Variables significant in one season 
were not always so in another. 
For the autumn, multiple regression analysis (Table 2) indicates 
8 
that only NAFB 15.5°C time and NAFB minimum temperature were necessary 
to predict mean opening time. The predictive equation was: Mean 
opening time = 7.66 + 0.3(NAFB 15.5°C time) - .041(NAFB minimum tem-
perature). In the spring, nest 15°C time and sunrise time gave the 
equation: mean opening time = 0.43 + 0.37(15°C time) + 0.84(sunrise 
time). NAFB 15.5°C time with sunrise time gave a good predictive equa-
tion also. Figure 4 plots the observed values against the predicted 
Ones. For the autumn period of 17 days from September 14 to November 
27, the mean discrepancy is 11 minutes. As can be seen from the figure 
the three days not used in computing the equation are also predicted 
well. For the spring period of 17 days from February 26 to April 29, 
the mean discrepancy was 15 minutes. Precision increased slightly if 
more variables were added to the equation. These predictions for both 
Seasons were remarkably precise when one considers that the range be-
tween days in mean opening time for the autumn was 3 hr and for the 
spring 2.5 hr. 
Which of the environmental factors are more likely causative 
than others? Two at a time of the factors that gave good simple corre-
lations were partially correlated with mean opening time (Table 2). 
The most contrasting pairs for the autumn are NAFB 15.5°C time (.85**) 
vs. nest 20°C time (.23), and NAFB 15.5°C time (.81**) vs. sunrise time 
(.12). This suggests first that it is the temperature itself that is 
important, though that of course in turn depends on the sunrise time. 
Second, it suggests that the NAFB 15.5°C temperature measurement is 
close to some threshold critical for the ants; or more likely, that the 
9 
NAFB temperature is a better single measure 'of the overall warmth of 
the morning, since it is measured under standard shade conditions, 
whereas the 20°C measurement was taken in the sun with a thermometer 
located in the large temperature gradient found within a few milli-
meters of the ground surface. The partial coefficient for NAFB minimum 
temperature is significantly high whether paired with nest 20°C time, 
NAFB 15.5°C time, or sunrise time, and evidently contains predictive 
information not in any of these measurements. 
For the spring the partial correlation coefficients for nest 
15°C time are markedly higher than for nest 20°C time, for NAFB 15.5°C 
time, or for NAFB 13°C time. In fact those for the nest measurements 
(15°C and 20°C times) are higher in every case than those for NAFB. 
The coefficient for sunrise time is significantly high no matter which 
of the four temperature measurements sunrise time is paired with and 
thus evidently includes independent predictive information beyond that 
in any of the single temperature measurements. 
The limited closing data has not been analyzed, but preliminary 
calculations show a possible relationship between surface temperature 
and mean closing time. 
The data in Fig. 4 and Table 4 show the effect of heat on opening 
time. A much higher proportion of heated nests (7 out of 11) opened 
before dawn than did control nests (2 out of 62) giving Chi-square = 
3255**. In most cases (Table 4), several hours of heating elapsed 
before the nests opened. 
On March 25-26 three nests were heated and three were lighted 
before they closed. Only nests that had closed the previous night were 
10 
used.. Two out of the three nests heated before they closed stayed open 
• all night, but only two out of twenty of the. controls stayed open. 
Fisher's Exact Probability Test (Steele and Torrie, 1960, page 379) 
suggests that heat prevented closing (P = .07). All three lighted nests 
closed. .The mean closing time was later than that of the controls 
(P = .05), but the results are not conclusive because the lights also 
• raised the temperature 3 to 4°C. 
On March 27 the heat was turned off at three nests at 04.25. 
One hest closed again before 06.00 and reopened at 07.25. The second 
'stayed open but only two ants remained on the surface. The third nest 
closed between 06.00 and 07.00 and reopened at 07.25. 
CHAPTER IV 
DISCUSSION 
Heath showed that opening of the nests occurs at about the same 
time each day, with the range on a given day in opening time for ten 
nests usually being less than an hour. What causes such synchrony? 
Some possibilities are (1) the time that a certain temperature is 
reached, (2) the time that a certain light intensity is reached, (3) a 
combination of environmental factors, or (4) an internal clock kept in 
phase by one of the above. 
The role played by environmental factors was studied by using 
multiple regression analysis. Equations were derived from the data of 
the autumn and of the spring. For the season from which each was de-
rived, equations predicted mean opening time each day to within a few 
minutes of the observed time (Fig. 4). This was remarkable, since the 
difference in opening time between various observation days was greater 
than 2 hr; and since as few as two variables were sufficient. 
Thus the mean opening time could be almost completely explained 
in terms of the environmental factors measured. But two questions re-
main, the first not answered in this study: To what extent would the 
predictive equations work for other seasons or years? It would not be 
surprising if a term would need to be added to the equation to express 
some other factor such as the temperature history of the preceding days 
or weeks. 
Secondly, which of the variables so useful in the equations are 
more likely causal than others? Some might be excellent predictors 
11 
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merely because they are good reflectors, i.e., highly correlated with 
one or more of the causal factors. Partial correlation analysis indi-
cated the .importance of temperature as such a factor, both as the mini-
mum temperature (autumn) and as the time a given morning temperature was 
reached (autumn and spring). In the spring, the time of sunrise was 
also indicated as independently important; it is not known whether this 
was merely representing temperature in some way inadequately measured. 
NAFB temperature-times served surprisingly well in either an 
autumn or a spring equation. If this were found to be generally true, • 
it would have practical utility in further studies or applications, 
since complete 24-hr standard weather data are always available there. 
Heating the nests in March after they had closed for the night 
caused most nests to open before dawn, but usually only after several 
hours had passed (Table 4). 
Heath (1968) delayed opening time in August by cooling the sur-
face area above the nest with ice packs. The surface temperature of 
11°C was lower than that at which openings occur in winter but the 75 mm 
deep soil temperature of 14°C was not. This suggests the importance of 
surface temperature as a limiting factor. 
We kept a single nest containing several hundred workers, but no 
queen, in a glass tank in the laboratory for several weeks (details not 
reported here). Some of the openings did close when the surface was 
cooled but could not be induced to close at will or under constant tem-
perature conditions. 
Another temperature relationship is suggested by Cole's (1932) 
observation that some nests of this species on the Mojave Desert were 
13 
closed during the heat of the day. Heath (1968) also observed one 
exceptional nest which closed during the day and opened at night. 
Van Pelt (1953, 1966) suggests that P. badius (Latr.) opens its nest 
within a limited temperature range,which is similar to that of P. cali-
fornicus. 
Other workers have suggested that sunlight may affect time of 
opening. Michener (1942) stated that the colony of P. californicus  
he studied opened after direct sunlight struck the nest. Talbot (1964) 
stated that the ant Formica obscuriventris Mayr seals the openings of 
the logs it occupies with finely chewed thatch, removing the thatch 
after sunlight reaches it. Our nests opened and closed whether sunlight 
was present or not, depending more upon when a suitable temperature was 
reached. However, mean opening time was always after sunrise and pre-
.sunrise openings were rare. 
That light was not necessary for opening is shown by certain 
cases where individual openings occurred naturally before dawn. These 
unusual cases coincided with pre-dawn rises in temperature. In addi-
tion, during the heating experiments mentioned above, the majority of 
• the heated nests opened before dawn. 
Heath (1968) lighted the nests from midnight on but this did not 
change the opening time. Using the same lights, we were unable to pre-
vent closing in March or in preliminary experiments in August. Neither 
Heath's (1968) nor our shading of the nests affected opening time. 
The evidence presented suggests that the particular hour of open-
ing is largely dependent upon temperature. However, McCluskey (1963, 
1967) demonstrated certain characteristics of an endogenous clock in 
14 
male and female ants of the genus Veromessor.  We have found that 
workers of P. ca“forntcus are markedly rhythmic in the laboratory even 
though the temperature is kept constant (details not reported here). 
Because the nests did not contain dirt, these results cannot be directly 
compared with closing and opening in the field. 
Several features remain unexplained. In the summer and fall of 
the year studied, all the nests opened within 1 to 2 hr on any particu-
lar day, whereas in the first part of the spring subsample it took 5 to 
Thro This could suggest a greater difference from nest to nest in the 
immediate temperature environment in the spring, perhaps due to soil 
moisture; this consideration might also explain the fact that in the 
spring the partial correlations with the temperatures measured at the 
nest are higher than for the NAFB temperatures. Another possibility is 
that the ants are in a different state at different seasons, either en-
dogenously, or due to acclimatization over the preceding days • or weeks. 
Secondly, while experimental heating profoundly hastened opening 
time, there was nevertheless a lapse of several hours before opening. 
This could suggest that the experimental environment provided was less 
than ideal, or that a behavioral chain of events took time to reverse, 
or that endogenous circadian timing affected the response. 
Finally, the work reported here did not directly test for a role 
of internal circadian timing in the opening behavior. Most of the ob-
servations pertained to a particular segment of the day, and thus 
bypassed the question whether a suitable temperature would bring about 
opening regularly at an opposite time in the 24 hr. 
Further work should include heating and cooling of the nests at 
15 
different hours of the day and night; or throughout the 24 hr so as to 
maintain a constant field temperature. If the ants could be gotten to 
open and close their nests normally in the laboratory, the relative 
importance of temperature, the light cycle, and endogenous circadian 
timing could be further studied. 
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Table 1. Simple correlations of mean opening time with environ-
mental variables, using all possible pairs n = sample 
size and r = correlation coefficient. 
July 15 	Sept. 14, 	Sept. 14 	Dec. 26 	Feb. 26 
to 1967, to 	to to 	to 
Nov. 4, 	July 1, 	Dec. 10 	Feb. 25 	July 1 
1966 1968 
Sunrise time 	20 	.82** 55 	.71** 28 	.75** 9 	.55 	18 	.80** 
Minimum soil 
temperature 	MI MD 	 55 -.63** 28 -.80** 9 -.28 18 -.40 
75 mm deep 
NAFB minimum 	20 -.74** 55 -.63** 28 -.88** 9 -.63 	18 	.02 
temperature 
NAFB 10°C time 2 	.00 	41 	.5** 21 	.60** 8 	.24 	12 	.62* 
NAFB 13°C time 9 -.20 	50 	.49** 24 	.59** 8 	.57 	18 	.46 
NAFB 15.5°C 	15 	.57* 	52 	.51** 26 	.78** 	8	.39 	18 	.56* 
time 
NAFB 18°C time 19 	.56* 46 	.34* 	24 	.60** 	7 -.06 	15 	.38 
Nest 15°C time 36 	.75** 15 	.62* 	5 	.95* 16 	.79** 
Nest 20°C time 	4111b 	 41 	.78** 19 	.85** 	4	.89 	18 	.73** 
Nest 25°C time 	MI 	 en 	 29 	.78** 10 	.63* 	4 	.93 	15 	.63* 
NAFB 7AM 	20 -.59** 55 -.60** 28 -.60** 9 -.83** 18 	.14 
dew point 
* significant at the .05 level 
** significant at the .01 level 
18 
Table 2. Multiple regression analysis of subsamples, chosen as 
indicated in "Methods and Materials." 
Name of Variables 	Correlations with Mean Opening Time 
Simple 
	Partial 
1st 	2nd 	1st 	2nd 	Var. 2 Var. 1 
Fixed Fixed  
AUTUMN SUBSAMPLE 
NAFB minimum 	Nest 20°C time 	-.88** 	.81** 	-.68* 	.42 
temperature 
NAFB minimum 	NAFB 15.5°C time -.88** 	.95** 	-.57* 	.83** 
temperature 
NAFB minimum 	Sunrise time 	-.88** 	.84** 	-.63* 	.48 
temperature 
Nest 20°C time 	NAFB 15.5°C time 	.81** 	.95** 	.23 	.85** 
Nest 20°C time 	Sunrise time 	.81** 	.84** 	.47 	.59* 
NAFB 15.5°C time Sunrise time 	.95** 	.84** 	.81** 	.12 
SPRING SUBSAMPLE 
Sunrise time 	NAFB 13°C time 	.77** 	.42 	.77** 	.43 
Sunrise time 	NAFB 15.5°C time 	.77** 	.59* 	.79** 	.63** 
Sunrise time 	Nest 15°C time 	.77** 	.79** 	.66** 	.69** 
Sunrise time 	Nest 20°C time 	.77** 	.72** 	.65** 	.55* 
NAFB I3°C time 	NAFB 15.5°C time 	.42 	.59* 	.23 	.50* 
NAFB 13°C time 	Nest 15°C time 	.42 	.79** 	.29  
NAFB 13°C time 	Nest 20°C time 	.42 	.72** 	.59* 	.78** 
Nest 15°C time 	Nest 20°C time 	.79** 	.72** 	.47 	-.04 
NAFB 15.5°C time Nest 15°C time 	.59* 	.79** 	.19  
NAFB 15.5°C time Nest 20°C time 	.61* 	.72** 	.23 	.59* 
* significant at .05 level 
** significant at .01 level 
Table 3. Summary of March 25 and 27 heating experiments; heat was 
applied after the nests closed. 
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Pigure 1. Per cent of nests that opened each observation day. 
AL 1966 Hunt's Lane (10 nests) (derived from Heath, 1968) 
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• 1967-68 Anderson Street (30 nests) 
21. 
043, a 34 
Figure 2. Mean opening and closing times + SE. 
	
Aik 	1966 Hunt's Lane nests (derived from Heath, 1968) 
0 11 	1967 Hunt's Lane nests 
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Figure 3. Observed and predicted mean opening times; multiple 
regression equations based on subsamples chosen as 
indicated in "Methods and Materials." The days shown 
here but not used to compute the autumn equation were 
Nov. 2, 24, and 26. 
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Figure 4. Mean opening time -I- SE for heated and control groups of nests in 
March 1968. The number of nests is given below in each case. 
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Table 4. Hourly or half-hourly observation periods for opening time. 
Date 	Start 	Finish 	Date 	Start 	Finish 
has4.-  
	
28 	05.00. 	08.00 	21 	07.00 	08.50 
29 	04.20 	06.25, 	22 	06.75 	09.50 
07.67 
Sept,. 23 * 07.00 	09.00 
14 	05.00 	07.00 	24 	. 06.50. 	09.00 
26 	05.00 	07.00 	26 	07.00 	09.00 
27 	05.50 	07.50 	27 	06.50 	09.50 
28 	05.50 	08.00 	29 	08.00 	10.00 
Oct. 30 	07.50 	09.50 
17 	06.00 	08.75 	Dec. 
23 	06.33 	09.00 	3 	08.50 	11.00 
24 	07.00 	10.00 . 	10 	08.50 	11.75 
25 	07.00 	10.50 	IA 	.08.00 	10.00 
26 	06.00 	:09.00 	14 	12.00 	14.00 
27 	06.33 	09.75 	20 	08.75 	14.50 
29 	07.00 	09.50 	22 	12.00 	13.00 
31 	06.50 	08.50 	24 	12.00 	- 
Nov. 25 	09.00 	10,00 
1 	06.50 	08.50 	26 	07.50 	11.00 
2 	07.50 	09.00 
5 	07.00 	09.50 
.13 	07.50 	09.50 
20 	07.50 	10.00 
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Date 	Start 	Finish 
March 
	
- 07.00 	10.00 
25 	01.00 	24.00 
26 	02.00 	10.00 
27 	02.00 	09.25 
April, 
13 	07.00 	09..00 
- 16 	07.00 	10.00 
29 	06.00 	08.00 
:June 
27 	05.00 	08.00 
28 	06.00 	08.25 
30 	06.00 	09.00 
July  
1 	05.75 	08.00 
Jan. 
09.25 	15.00 
18 	09.00 	15.00 
19 	11.00 	13.00 
21 	10.00 	12.00 
22 	08.00 	'MO • 
29 	08.00 	17.00 
08.00 	19.75 
18 	07. 00 	20.00 
25 . 	07.00 	23.00 
26 	06.00 	14.00 
27 	06.00 	19.00 
28 	06.50 	12.00 
29 	06.50 	09.80 
March 
1 	06.25 	12.00 
07.00 	12.30 
10 	07.00 	20.00 
15 , 07.00 	11.00 
17 	08.00 	12.00 
20 	07.00 	09.00 
21 	07.00 	11.00 
31 
Table 5. Opening time observations. 
	
DATE 	 NEST NUMBER 
1 	2 	3 	4 	5 	6 	7 	8 	9 • 	10 
HUNT8 S LANE NESTS 
828 	0750 OPEN OPEN 0650 OPEN 	OPEN 
829 	0675 OPEN OPEN toitgo-0600 OPEN OPEN OPEN otti-o-oe. OPEN m4s-0-64.0 
914 	0750 0650 OPEN 0550 OPEN 0750 OPEN 0650 0725 0650 
926 	0750 0750 OPEN 	0850 0650 0750 0650 0650 0550 
927 	0750 0700 0700 0800 0700 0700 0700 0750 0700 
928 	0750 0750 0600 0750 0750 0750 0650 0650 0650 0550 
1017 	0750 0750 0750 0750 0850 0850 0850 0850 0900 0800 
ANDERSON STREET NESTS 
1023 	0825 0775 	0825 	0875 0825 0825 
1024 	0875 0775 0825 0825 0875 0825 
1025 	0825 OPEN oft-emw 0875 0825 ofilf-loic 
1026 	0825 0850 	0825 	0875 CLOS CLOS 0825 CLOS 
1027 	0825 0775 077504V-112s 0825 0930 0930 	DIV-1215" 
1029 	0825 0775 	0775 0825 0825 0925 0875 0875 0875 
1031 	0725 OPEN 0675 0675 OPEN 0800 0800 0725 0675 
1101 	0775 0675 	0725 0725 0675 0825 0825 0725 0775 
1102 	0775 OPEN 0775 0775 0775 CLOS CLOS 0825 0775 
1105 	0825 OPEN 	0925 0875 0775 0925 0925 0825 0875 
1113 	0825 0775 0825 0875 0775 0875 CLOS CLOS 0875 
1120 	OPEN OPEN 	0875 OPEN OPEN OPEN 0925 CLOS 0925 
1121 	0750 OPEN OPEN 0750 OPEN 0750 0820 0820 0750 
1122 	1080 0825 	0875 0875 0875 0875 0775 0825 0875 
1123 	0K-o116OPEN OPEN 	OPEN 011r-of1‘ 0725 OPEN 0725 
1124 	0875 0800 	0800 0800 0800 OPEN 0800 OPEN OPEN 
1126 	0750 0750 OPEN 0750 0750 0825 0875 0825 0750 
1127 	0850 0850 	0850 0850 0850 0850 0850 0925 0850 
1129 	0975 0920 0920 0975 0920 1000 0975 0950 0920 
1130 	0775 OPEN 	OPEN 0825 OPEN 0775 0775 0825 OPEN 
1203 	0925 OPEN OPEN 1050 0925 0925 0925 0925 0925 
1210 	OPEN 1025 	OPEN 1025 1025 0925 1025 0925 0850 
1211 	0950 0950 0850 CLOS 0950 0950 0950 0850 0850 
1214 	OPEN CLOS 	OPEN CLOS CLOS CLOS CLOS CLOS OPEN 
1220 	CLOS CLOS CLOS CLOS CLOS CLOS CLOS CLOS CLOS 
1222 	CLOS CLOS 	CLOS CLOS CLOS CLOS OPEN CLOS CLOS 
1224 	CLOS CLOS OPEN CLOS CLOS CLOS CLOS CLOS OPEN 
1225 	CLOS CLOS OPEN CLOS CLOS CLOS CLOS CLOS CLOS OPEN 
1226 	0950 CLOS 	0825 0950 CLOS CLOS CLOS CLOS 0875 
828 IN DATE COLUMN = AUG. 28 
0750 FOR NEST = 07.50 = 7:30 A.1, P.S.T. 
CLOS = NEST DID NOT OPEN DURING OBSERVATION PERIOD 
OPEN = NEST WAS OPEN WHEN OBSERVATIONS BEGAN 
EXPT = EXPERIMENTAL NESTS 
BLANK = MISSING DATA 




11 	12 	13 	14 	15 	16 	17 
	
18 	19 	20 





















































OPEN 44S0- °boo 




























































































































































































































































828 IN DATE COLUMN = AUG. 28 
0750 FOR NEST = 07.50 = 7=30 A.M. P.S.T. 
CLOS = NEST DID NOT OPEN DURING OBSERVATION PERIOD 
OPEN = NEST WAS OPEN WHEN OBSERVATIONS BEGAN 
EXPT = EXPERIMENTAL NESTS 
BLANK = MISSING DATA 
OPEN OPEN OPEN 
CLOS CLOS CLOS 
CLOS CLOS CLOS 
OPEN CLOS CLOS 
OPEN CLOS CLOS 
0825 CLOS 
OPEN CLOS CLOS 
CLOS CLOS CLOS 
CLOS CLOS CLOS 
CLOS CLOS CLOS 
CLOS CLOS CLOS 
OPEN CLOS CLOS 
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HUNT 1 S LA NE 
OPEN 
OPEN OPEN 
OPEN OPEN OPEN 
OPEN 0850 OPEN 
OPEN 0775 OPEN 
0750 0750 0650 





























ANDERSON STREET NESTS 
CLOS 0825 
104.0- if,if CLOS 








































































































































































OPEN 105.0- OPEN loio- tic° rico-10C 
OPEN OPEN OPEN 
OPEN OPEN CLOS 
OPEN 12%"-M0 CLOS 
828 IN DATE COLUMN = AUG. 28 
0750 FOR NEST = 07.50 = 7:30 A M . 	P.S.T. 
CLOS = NEST DID NOT OPEN DURING OBSERVATION PERIOD 
OPEN = NEST WAS OPEN WHEN OBSERVATIONS BEGAN 
EXPT = EXPERIMENTAL NESTS 
BLANK = MISSING DATA 
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Table 5 (continued). 
	
DATE 	 NEST NUMBER 
1 
	
3 	4 	5 	6 	7 	8 	9 	10 
ANDERSON STREET NESTS 
107 	CLOS CLOS 	1056- mtr isco-100 CLOS CLOS CLOS CLOS 130-t4o 
- 118 	CLOS CLOS gicouo CLOS CLOS CLOS CLOS CLOS OPEN 
119 	CLOS CLOS 	CLOS CLOS CLOS CLOS CLOS CLOS OPEN 
121 	CLOS CLOS CLOS CLOS CLOS CLOS CLOS CLOS OPEN 
122 	CLOS CLOS 	1000 CLOS CLOS CLOS CLOS CLOS 0825 
129 	CLOS CLOS CLOS CLOS 1250 CLOS CLOS CLOS CLOS 
204 	CLOS CLOS 	CLOS CLOS CLOS CLOS 1250 CLOS 0950 
218 	0950 1050 CLOS CLOS LOS CLOS CLOS CLOS CLOS 
225 	0750 0950 	CLOS CLOS 1050 1050 CLOS CLOS 0750 
226 	0750 1150 0950 1050 CLOS 0650 iuo-ao CLOS CLOS 0750 
227 	0950 1150 0850 1150 1050 0750 1150 CLOS CLOS 0950 
228 	0850 1050 0850 1150 1050 0850 1050 CLOS CLOS 0850 
229 	0850 (Pm-asp 0950 oirtr-nico etwaso 0850 611r-4,250 CLOS CLOS 0850 
301 	1150 0850 CLOS 1050 CLOS 0850 0950 CLOS CLOS 0750 
306 	0950 0950 CLOS CLOS 0950 0950 CLOS CLOS 1050 0950 
310 	0925 CLOS CLOS CLOS 0875 0825 CLOS CLOS 1150 0875 
315 	(10.0150 CLOS CLOS CLOS 0825 0750 0950 0950 0825 0750 
317 	0950 0950 1060-(6.0 0950 0825 OPEN 0875 0950 0875 0875 
320 	ogo- us-0 ogso-llso CLOS ociso-ito 0750 0750 0850 CLOS 0750 0750 
321 	0850 1050 1050 0850 0750 0750 0850 0950 CLOS 0750 
322 	0750 0850 0850 104-0-1 21 0750 OPEN 0850 toco-llas CLOS 0750 
325 	0850 0725 CLOS 0650 EXPT 0i60-0376- 0850 mu-132.5- 0650 0725 
326 	1050 OPEN 0850 0750 0750 0750 0750 0850 EXPT EXPT 
327 	0750 0850 0750 0750 EXPT EXPT EXPT 0750 0750 0750 
413 	OPEN OPEN 0750 0750 0750 OPEN 0750 0750 OPEN 0750 
416 	0850 0750 0750 0750 0850 0750 0850 0850 OPEN OPEN 
429 	0650 0750 0750 0650 0650 0650 0650 0650 0650 0650 
627 	0750 0750 0750 0650 0650 0750 0750 0650 0650 0650 
628 	OPEN OPEN OPEN 0650 0650 0750 0750 OPEN OPEN OPEN 
630 	OPEN OPEN 0725 OPEN 0775 0775 0825 0675 0675 0675 
701 	OPEN OPEN 0725 OPEN 0675 OPEN 0725 OPEN 0675 0675 
828 IN DATE COLUMN = AUG. 28 
0750 FOR NEST = 07.50 = 7:30 A.M. P.S.T. 
CLOS = NEST DID NOT OPEN DURING OBSERVATION PERIOD 
OPEN = NEST WAS OPEN WHEN OBSERVATIONS BEGAN 
EXPT = EXPERIMENTAL NESTS 
BLANK = MISSING DATA 
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11 	12 	13 	14 	15 	16 	17 	18 	19 	20 
ANDERSON STREET NESTS 
107 	CLOS I1-12-50 CLOS CLOS OPEN CLOS CLOS CLOS CLOS 0960 
118 	CLOS CLOS cLns OPEN OPEN CLOS CLOS CLOS CLOS imo-oso 
119 	CLOS CLOS 1350 OPEN OPEN CLOS CLOS CLOS CLOS OPEN 
121 	CLOS CLOS OPEN 1150 1150 CLOS CLOS CLOS CLOS CLOS 
122 	CLOS CLOS CLOS CLOS 1000 	 CLOS 
129 	CLOS CLOS CLOS CLOS 0950 CLOS CLOS CLOS CLOS CLOS 
204 	1150 0850 0950 CLOS 0850 CLOS CLOS 0900 0850 CLOS 
218 	0850 CLOS CLOS CLOS 0750 CLOS 075000-0s,CLOS 0850 
225 	1050 1050 0850 CLOS OPEN OPEN OPEN OPEN 0750 1150 
226 	afo-aso 0950 0750 CLOS 0650 OPEN 0750 0650 OPEN 0750 
227 	OPEN 1050 0850 CLOS 0850 OPEN OPEN 0650 OPEN 0850 
228 	0850 1150 0950 0850 0850 0850 0950 OPEN OPEN 0850 
229 	0650 CLOS 0950 0850 0750 OPEN OPEN OPEN OPEN 1250 
301 	0850 1050 0850 0850 0750 OPEN 0850 OPEN OPEN 1050 
306 	0950 0950 0850 1050 0750 OPEN OPEN 0850 OPEN 0950 
310 	0875 CLOS 0875 0825 0875 OPEN OPEN 0875 0875 CLOS 
315 	0950 0950 0875 0750 0825 0750 OPEN 0750 0825 0875 
317 	OPEN 0950 OPEN OPEN OPEN OPEN OPEN OPEN 0875 OPEN 
320 	0110-ficoCLOS OPEN 0750 0850 OPEN OPEN OPEN Os-a-Hi-00850 
321 	0850 OPEN OPEN 0850 0750 0750 OPEN OPEN 0750 0850 
322 	CLOS CLOS OPEN 0850 0750 OPEN OPEN OPEN OPEN 0750 
325 	0725 0775 EXPT EXPT 0725 oiso-ons OPEN OPEN OPEN Oisro-toxf 
326 	EXPT 0750 0750 OPEN 0750 0750 0750 0750 0750 0950 
327 	0550 EXPT EXPT 0750 0750 0750 0750 OPEN OPEN 0750 
413 	0750 OPEN 0750 OPEN 0750 OPEN OPEN OPEN OPEN 0750 
416 	0850 0750 0750 OPEN 0850 OPEN OPEN OPEN OPEN 0850 
429 	010- W0 0750 0650 OPEN 0750 0650 OPEN 0650 OPEN 0750 
627 	0750 CLOS 0650 OPEN CLOS CLOS OPEN 0750 OPEN OPEN 
628 	0750 0750 OPEN 0750 CLOS 0650 OPEN 0750 OPEN 0650 
630 	0675 0825 OPEN 0775 CLOS 0825 OPEN CLOS OPEN 0775 
701 	OPEN 0725 0675 OPEN CLOS OPEN OPEN 0775 OPEN 0775 
828 IN DATE COLUMN = AUG. 28 
0750 FOR NEST = 07.50 = 730 A M P.S.T. 
CLOS = NEST DID NOT OPEN DURING OBSERVATION PERIOD 
OPEN = NEST WAS OPEN WHEN OBSERVATIONS BEGAN 
EXPT = EXPERIMENTAL NESTS 
BLANK = MISSING DATA 
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Table 5 (continued) . 
	
DATE 	 NEST NUMBER 
21 22 23 24 25 26 27 28 29 30 
ANDERSON STREET NESTS 
107 	aro- 140 loco- Ulf 100-111‘ CLOS fiv-tuo loco- inf CLOS CLOS 
118 HO-ao OPEN OPEN CLOS 	11"- laf° CLOS CLOS 
119 115"1" OPEN OPEN CLOS iiso-ilfa CLOS CLOS 
121 	OPEN OPEN 1050 CLOS 1150 OPEN CLOS CLOS 
122 0900 0900 0900 CLOS 	CLOS CLOS CLOS 
129 1050 CLOS CLOS CLOS CLOS CLOS CLOS 
204 	CLOS OPEN 0950 CLOS CLOS 0950 1250 CLOS 
218 CLOS 0750 OPEN CLOS CLOS OPEN 0850 CLOS 
225 0850 OPEN OPEN 1050 0850 0850 0950 0750 
226 	0850 0650 OPEN OPEN 0850 0850 0750 0750 0750 
227 0850 0750 0750 OPEN 0950 0850 CLOS 0950 OPEN 
228 	0950 OPEN 0850 0850 1050 OPEN CLOS 0950 0850 
229 011r-a" 0850 0850 OPEN 0950 011f-i2r0 CLOS 0850 0850 
301 	0950 0750 0850 OPEN 0950 0950 0950 0850 0850 
306 0950 0950 CLOS 0850 CLOS 0850 0850 0850 0850 
310 	0925 0875 0875 ao-i3 0925 0925 0875 0925 0925 
315 0950 0825 0950 0825 0825 0875 0950 0825 0875 
317 	0825 0825 0875 0825 OPEN 0825 0875 OPEN 0875 
320 	0850 0750 0850 0/5-0-itro 0750 0750 0750 0750 0750 0750 
321 	0950 OPEN 0850 0850 0850 0750 0850 0850 0750 0850 
322 	0950 OPEN 0750 toco-1mC 0750 0750 0750 0750 0750 OPEN 
325 	0725 0775 0775 0875 0825 0725 0725 0725 0725 0650 
326 	0850 0850 0850 CLOS 0750 0750 0750 EXPT EXPT EXPT 
327 	0850 0550 EXPT CLOS EXPT EXPT 0750 0750 0750 0750 
413 	0850 	OPEN 0750 OPEN 0750 0750 0750 OPEN 0750 
416 	0950 0850 0850 0850 0850 0850 0850 0850 0750 0750 
429 	OPEN 0750 0750 0750 0750 OPEN 0650 0750 0750 0750 
627 	CLOS CLOS CLOS CLOS CLOS 0750 CLOS CLOS CLOS CLOS 
628 	CLOS CLOS CLOS CLOS CLOS 0650 CLOS CLOS CLOS CLOS 
630 	CLOS CLOS CLOS CLOS OPEN 0725 CLOS CLOS 0725 CLOS 
701 	0775 CLOS CLOS CLOS OPEN 0675 CLOS CLOS 0775 CLOS 
828 IN DATE COLUMN = AUG. 28 
0750 FOR NEST = 07.50 = 7:30 A.M. P.S.T. 
CLOS = NEST DID NOT OPEN DURING OBSERVATION PERIOD 
OPEN = NEST WAS OPEN WHEN OBSERVATIONS BEGAN 
EXPT = EXPERIMENTAL NESTS 
BLANK = MISSING DATA 
Table 6. Environmental variables used for multiple regression analysis (mean 
opening time and per cent of nests that were open included). 
Variable 	Name of Variable  
	
1 Sunrise time 
2 	Minimum soil temperature 75 mm deep 
3 NAFB minimum temperature 
4 	NAFB minimum temperature time 
5 NAFB 10°C time 
NAFB 13°C time 
NAFB 15.5°C time 
NAFB 18°C time 
NAFB 21.5°C time 
10 	Nest 15°C time 
11 Nest 20°C time 
12 	NAFB 7 AM dew point 
13 Nest 25°C time 
14 	Mean opening time 
15 Per cent of nests that were open during the day 
DATE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
0914 570 24 58 0400 	 0475 0833 0913 	0725 61 	0662 097 
0926 583 22 58 0300 0400 0900 1050 0633 61 0656 100 
0927 584 21 57 0600 	 0675 09,14 0986 	0700 62 0900 0714 100 
0928 586 22 64 0300 0500 0700 0633 64 	0683 100 
1017 610 13 47 0600 0638 0700 0733 0767 0800 0800 0875 24 0810 100 
1023 620 17 46 0600 0667 0730 0780 0838 0900 0710 0750 42 0800 0799 092 
1024 622 18 SO 0700 0700 0742 0783 0843 0920 0716 0784 47 0867 0815 092 
1025 623 15 48 0600 0650 0733 0790 0844 0920 0716 0775 38 0800 0817 100 
1026 625 18 50 0600 0600 0767 0860 0950 1040 0738 0788 45 0844 0836 096 
1027 627 12 46 0500 0730 0780 0838 0900 0984 	0775 41 0821 0835 088 
1029 630 17 49 0500 0600 0725 0767 0813 0875 0800 46 0845 0833 100 
1031 632 17 55 0200 	0200 0667 0730 0780 	0712 31 0775 0739 100 
1101 633 17 53 0600 0667 0756 0800 0845 0700 0772 30 	0755 084 
1105 640 18 51 0300 0300 0700 0950 1200 1500 0700 0900 50 0861 100 
1113 653 15 46 0600 0738 0800 0838 0877 0935 0717 0786 36 0880 0822 100 
1122 668 11 44 0500 0800 0844 0933 1075 1400 0833 0999 38 	0871 084 
1124 670 10 43 0700 0810 0860 0920 1025 1200 0875 	35 0842 084 
1126 673 11 47 0700 0800 0842 0883 0938 1000 0867 40 	0785 092 
1127 675 09 40 0700 0850 0900 0983 1200 	0880 1020 34 0871 088 
1129 678 06 35 0700 0875 0967 1400 	 0900 	26 	0948 096 
1203 685 06 34 0700 0900 1000 1100 1400 	0900 1100 25 0948 096 
1210 693 06 36 0100 0867 0930 0980 1075 0911 0955 21 1000 0979 093 
1214 700 07 27 0600 	 12 	 044 
1217 701 05 39 0100 1067 	 25 037 
1220 702 02 30 0400 	 26 	 014 
1224 706 05 39 0700 0839 0877 0933 1025 1167 	 28 033 
1225 708 08 40 0500 0800 0842 0883 0960 1060 30 	 033 
1226 710 OP 43 0700 0830 0880 0930 0980 1060 0850 0925 34 0865 052 
1102 635 17 46 0600 0700 0750 0800 0855 0920 	 29 	0802 
DATE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
0204 693 10 40 0700 0838 0877 0933 10.33 1200 0883 0967 29 1060 1022 048 
0218 673 14 54 0600 	0700 0900 1075 1300 0817 0900 52 1000 0844 041 
0226 658 18 54 0500 0.600 0800 0883 1000 0700 0850 45 0975 0850 087 
0227 654 18 55 0700 	0700 1300 	1200 0900 1200 50 	0913 087 
0228 653 13 47 0700 0760 0860 0943 1013 1075 0771 0860 44 0975 0932 090 
0229 652 13 41 0400 0746 0784 0838 0900 1020 0767 0833 29 0888 0842 087 
0301 651 15 40 0700 0783 0838 0900 0971 1075 0767 0830 32 0880 0902 087 
0306 638 17 53 0600 	0850 	 0867 1010 46 	0915 080 
0310 630 09 40 0600 0683 0760 0900 1300 	0999 1167 35 0920 077 
0315 618 10 37 0600 0825 0888 1000 1125 0833 0925 36 1100 0854 097 
0317 613 12 46 0700 0850 0980 1300 	 0838 0880 44 1080 0894 100 
0320 609 12 48 0200 	0666 0900 1100 1600 0767 0900 21 1067 0779 097 
0321 607 11 38 0600 0742 0783 0850 0940 1067 	0790 27 0915 0842 093 
0322 603 14 43 0300 0750 0811 0867 0929 1000 0720 0770 33 0815 0833 093 
0325 595 16 48 0600 0667 0800 0871 0975 1100 0700 0765 43 0833 0760 093 
0326 595 15 41 0600 0744 0816 0900 1033 1225 0720 0770 41 0829 0793 097 
0327 590 15 43 0400 0700 0745 0790 0844 0900 0688 0733 41 0775 0760 097 
0413 550 20 53 0600 	0700 0933 1100 1300 	0720 50 0770 0750 097 
0416 545 18 53 0200 0700 1050 1225 	0750 0829 49 0900 0814 097 
0429 518 19 43 0500 0631 0669 0711 0767 0833 0575 0656 33 0700 0700 100 
Figure 5. Map of the Anderson Street site. 
40 Nest 
Steep banks arrow points downhill) 
0 Water tower 
Distances between nests that occurred together. 
	
Nests 	Feet 	Nests 	Feet 
1 - 2 	28 	15-16 	76 
2 - 3 	64 	16 - 17 	54 
3 - 4 	13 	17 - 18 	71 
4 - 5 	16 	18 - 19 	36 
5 - 6 	17 	23 - 24 	25 
6 - 7 	28 	24 - 25 	18 
7 - 8 	11 	25 - 26 	15 
8 - 9 	10 	26 - 27 	36 
, 
9-10 	11 	27 - 28 	20 
10 -11 	34 	28 - 29 	20 
11 -12 	24 	29 - 30 	36 
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ABSTRACT 
The timing of daily opening of the nest entrance by the red 
harvester ant Popnomyrmex californicus was studied during all four 
seasons. Multiple regression analysis of several , environmental vari-
ables shows that the variation from day to day in mean opening time 
can be attributed to temperature differences, with the time that a 
given temperature was reached being the most important single variable 
for the autumn days studied. An equation incorporating this and the 
minimum temperature was sufficient to specify the mean opening time to 
within a few minutes. For the spring days, it was necessary to combine 
sunrise time with the time a particular temperature was reached. Stan-
dard temperatures from a nearby weather station served essentially as 
well as those taken at the nests. 
On the hottest nights in August over half the nests never closed 
at all, and on the coldest days in winter most of the nests stayed 
closed. 
Artificial heating of nests after they had closed advanced open-
ing time markedly although several hours passed before most openings 
occurred; over half opened before dawn. Also in a few cases, nests 
opened in the dark naturally. Thus light is not necessary for opening. 
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